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Future Research Statement

Yeo-Jin Chung

The project on the nonlinear fiber optics has been conducted in collaboration with experimental
and theoretical groups of scientists at Los Alamos National Laboratory. I plan to explore further
this subject of research with team, which will increase the chances of making significant progress
in this project.

Optical fibers are often disordered since it is not guaranteed to achieve a 100% control of the
fiber parameters in the process of fiber pulling and pre-form manufacturing. Moreover the effect of
the disorder accumulates along the pulse propagation, which results in seriously impeded solitons.
Therefore, in practical telecommunications, especially long-distance fiber communications, it is
highly demanded to understand the pulse behavior and control the optimum values in the presence
of randomly varying fiber parameters.

In this line of research, the project I would like to pursue is the randomly varying birefringent
fibers, which are the cases of real fibers due to the fiber distortion in manufacturing. In this line of
research. I am interested in providing a model including the effects of random polarization mode
coupling. In addition. I would like to extend the analytical study based on this model. Finally,
I intend to modify the readily developed numerical method based on the new model. This will
provide an opportunity to combine the theoretical study with numerical experiments. As a result,
the validity of both analytical and experimental observations will be rigorously established.

Understanding the ultrashort pulse propagation would aid in the understanding of various
issues such as the delivery of ultrashort pulses through fibers for medical applications and imaging,
continuum recompression and control from highly nonlinear photonic crvstal fibers as well as the
design and implementation of the next generation of telecommunications systems.

Recently, noticeable performance of the photonic cryvstal fiber (PCF) (a long thread of silica
elass with a periodic array of air holes) has been reported. Although it is known that photonic
crvstal fibers have remarkable properties, this high-index core fiber has a complex nature of a
cladding structure, which prevents the use of methods from the conventional fiber theory. Modeling
ultrashort pulse propagation in the PCFs is, therefore, extremely challenging task, which requires a
rigorous theoretical tool. In collaboration with the experimental group at LANL T plan to develop
a reliable model to describe the performance of femtosecond pulse propagation on PCF, and to
compare the analytical and computational results of this model with experimental data.

The Genetic Algorithm Pulse Shaping (GAPS) provides insight to the construction of experi-
mental tools for successful transmission of pulses in femtosecond regime. GATPS is specially, useful
in situations where theoretical prediction is difficult or when experimental conditions are not con-
sistent. This technique can be a very useful method to evolve towards an optimal optical field.
For instance, the genetic algorithm can be employed to find the optimal filter which allows the
pulse to propagate through optical fiber without broadening its width when applied to an input
pulse. In this case, one can successfully perform the transmission of multiple pulses without losing
their peak intensities, which is highly desirable in modern telecommunication applications.

I plan to apply the genetic algorithm to propagation of ultrashort pulses in optical fibers. In
particular, I am interested in utilizing sophisticating filters such as a smooth (grayscale) amplitude
filter, a phase filter and a combination of the two. My aim is to provide different pulse shaping
process using various tyvpes of filters to achieve better performance of pulse transmission than
present results and to also apply this process to extended cases such as the pulse propagation on
photonic crystal fibers.
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This is a strong letter of recommendation supporting the application of Ms. Yeojin Chung
for a postdoctoral position at the Los Alamos National Laboratory. Ms. Chung is doing her
Ph.D.in Applied and Computational Mathematics under my supervision at the University
of California - Irvine (UCI). Currently, she is in the process of writing her Ph.D.thesis;
which she is expected to defend by June, 2002.

Yeojin's thesis consists of two parts. In the first part she presents a rigorous analytical
study of the Moore-Greitzer model for turbo-machine engines. Based on carefully per-
formed numerical experiments and computational studies of the global bifurcation diagram
for the Moore-Greitzer model various scientists have asserted the low dimensional long-time
behavior of this model. In this part of her thesis Yeojin develops two different analytical
approaches to justify the above claim. First, she establishes the global well-posedness, and
certain Gevrey class regularity of the solutions to this model. As a result of this special class
of Gevrey regularity she is able to prove that the Fourier coefficients of any solution decay to
zero at a uniform exponential rate, as the wave numbers tend to infinity. Consequently, the
modes corresponding to the high wave numbers posses exponentially small amount of energy,
and almost all the energy is contained in finite number of Fourier modes (the lower ones),
a clear indication of low dimensional dynamical behavior. Furthermore, she is also able to
conclude, as a result of this special Gevrey regularity, that the Galerkin numerical scheme
converges exponentially fast to the exact solution. Hence, the Galerkin method is a very
reliable numerical procedure for numerical simulations. In addition, she has also shown that
the Moore—Greitzer model posses a globally invariant finite dimensional Inertial Manifold.
Thereby the asymptotic dynamics of this model is completely determined by a finite system
of ordinary differential equations. As a result one can design a finite dimensional feedback
controller to stabilize the dynamics of this model. The results of this part of her thesis have
been submitted for publication in the journal of “Nonlinear Science”.

The other part of her thesis is completely different and is based on her collaborative work
with a group of scientists at the “Center for Nonlinear Studies” in the Los Alamos National
Laboratory (LANL) under the guidance of Dr. Ildar Gabitov. It is concerned with the
Raman effect of the pulse in fiber optics. She spent almost 3 months in summer 2000 at the
LANL working on this project. Mainly she was performing numerical simulations for the
nonlinear Shrédinger equation focusing on the Raman effect of the pulse and comparing the
results of her numerical simulations to the experiment data that was produced simultaneously
by other members of the group. They have obtained satisfactory preliminary results and good
agreement between the numerical and experimental data. Between January and September



2001 Yeojin was back to LANL to finish this part of her thesis and to perform further
numerical tests to compare the phase shift of the pulse with the corresponding empirical
data. Most importantly she has been working very hard on providing rigorous analytical
justification, using perturbation techniques, to the validity of the mathematical model she
has been using in Mer simulation. She has already submitted one paper based on her joint
work with the LANL team, and currently they in the process of finishing another two papers,
to be submitted for publication in refereed journals.

In summary, Ms. Chung is a very hard working and strongly motivated young applied math-
ematician. She is an expert in multi-scale asymptotic analysis and on the Mathematical
Theory of the Navier-Stokes equations and other related nonlinear PDEs. She has gained
a lot of computational experience from working in LANL, and from the various numerical
analysis courses she took at UCIL Yeojin has a very pleasant personality and is a great and
cooperative team player. Based on the results of her thesis she will end up writing about
4 papers all publishable in reputable refereed journal; which is considered an exceptional
performance for a Ph. D.in Mathematics. Based on the above I strongly recommend her to
you without any reservations.

Please do not hesitate to contact me if I can be of any further assistance.

Sincerely yours,

¢ <
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Edriss S. Titi
Professor of Applied Mathematics,
Mechanical & Aerospace Engineering



LETTER OF RECOMMENDATION
FOR

Yeo-jin Chung

I have been asked by Dr. Yeo-jin Chung to write a letter on her behalf, and I
gladly do so. I first met Dr. Chung in November 2001 at an American Mathemat-
ical Society meeting in Irvine, California. I attended her talk at the meeting, and
subsequently I have read some of her papers.

[ was quite impressed by her presentation at the meeting in Irvine. She is
articulate and gave a well-organized talk. She was asked some difficult questions
and fielded them with enviable confidence. It was an excellent talk. Even more
impressive for someone just finishing their Ph.D. Since success in the mathemat-
ical sciences involves more than just solving problems - but also presenting and
conveying ideas, I think Dr. Chung has a promising academic future.

[ have also read some of her papers. In particular, I have read throughly the
paper Inertial Manifolds and Gevrey Regularity for the Moore-Greitzer Model of
Turbo-Machine Engine. The paper is based on her Ph.D thesis. [ will not go into
the specific mathematical technicalities of the paper. However, I would like to
give a brief indication of the breath of knowledge and originality required to write
the paper. Of course the work is a joint effort with her advisor Professor E.S.
Titi. However, being a former student of Professor Titi, I know he is extremely
demanding and insists students solve their own problems.

The paper starts by casting a model of a turbo machine into a usable math-
ematical framework. Specificallv, the model must be formulated on appropriate
Hilbert spaces. The model in the paper has some interesting features which com-
plicate, compared to other dissipative partial differential equation originating in
engineering, this procedure.

The next step requires a proof that solutions of the model exist. The proof
used is fairly standard in this area - start with a numerical approximation of
the equations, here a spectral approximation, and pass to the limit. The details
are not trivial but are well known. Once solutions are known to exist, the more
difficult task to discover their regularity follows. She shows the Fourier coefficients
of the solution decay exponentially in wave number. This in turn implies a spectral
approximation of the governing equations converges exponentially in wave number.
The result corroborates the behavior of the model observed by engineers conducting
numerical experiments.



Finally, the long-time dynamics of the modes is examined. She shows the
existence of an inertial manifold - a finite-dimensional invariant manifold attracting
all orbits. The proof here is interesting because it is does not employ the usual
methods to show the existence of an inertial manifold. Because of the mathematical
form of the equations, the so called spectral barrier method is used. This requires
a substantial understanding of inertial manifolds to know the intricacies in the
hyvpotheses required to show the existence of the manifold.

Dr. Chung has an exceptional dissertation. It contains ideas from many ares of
mathematics put together in an original way. Moreover, it provides the preparation
and groundwork for Dr. Chung to immediately contribute as Post-Doctoral fellow
at CNLS.

Sincerely,

Don A. Jones

Associate Professor

Arizona State University
Department of Mathematics
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January 23, 2002

Dr. Misha Chertkov

Los Alamos National Laboratory
CNLS and T-13

Los Alamos, NM 87545

Dear sirs,

It is a great pleasure to recommend Yeo-Jin Chung for a postdoctoral position. [ have
known Yeo-Jin for a couple of years or since [ visited Irvine and learned about her thesis
project. I have followed her research with interest since then. The part that [ understand
best is her work on the viscous Moore-Greitzer equation (vMG) that describes the flow of air
through a jet engine. These equations, that only recently have been rigorously justified, were
derived by Moore and Greitzer about twenty years ago. The vMG equations have proven
their worth and give good qualitative agreements with experiments performed on laboratory
compressors and real jet engines. A graduate student of mine Hoskuldur Hauksson proved
some year ago, with small help from me, that the vMG equations has a finite-dimensional
attractor and estimated its dimension. Yeo-Jin has improved this result considerably with
her thesis advisor Edriss Titi and showed that the solutions possess Geverey regularity and
that there exists an intertial manifold. These are very nice results and make and impressive
paper. On basis of this result alone I believe that Yeo-Jin deserves a postdoctoral position
at Los Alamos.

Yeo-Jins research on optical fibers is also very impressive and close to the research interests
of people at Los Alamos. I think this work together with her work on the jet-engine flow
makes her a strong candidate.

Sincerely vours,

é?u\f/m T

jorn Birnir
Professor



